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Abstract 



A synchronous detecting method in which the transfer function of a propagation path is estimated by 
regarding the information symbols adjacent to pilot signals as known symbols and using the information 
symbols as pseudo-pilot signals. The method includes a step of estimating the transfer function by using 
the pilot signals, a step of performing interpolation synchronous detection of part of the information 
symbols by using the estimated transfer function, a step of storing the result of the interpolation 
synchronous detection as pseudo-pilot signals, a step of reestimating the transfer function related to 
information symbols corresponding to the pseudo-pilot signals from the pseudo-pilot signals and the 
received signals corresponding to the pseudo-pilot signal, regarding the pseudo-pilots as known correct 
signals, and a step of performing interpolation synchronous detection of each information symbol by using 
the reestimated transfer function. Thus, the detection characteristic can be improved by estimating the 



transfer function with high accuracy even when the number of symbols per pilot signal is small. 
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^ a. idi 1^ ^ IIJ ^ ^ ^ it # . J:- 'ta -f- 4^ *1 2^ ^ = 

iC. -^^ -^^-^ -t.^ ^ ' 

4 ^ fr ^ ^ 1^ ^ , -fl- ^ 0 ^ -J ^ ^ ^'^ ^ ^ ^ 



^ -f ^ # -L ^ ^/ft- -f 6^ H >t- 185 6 ^ J: ; vVC 

1^ it .tWg ^ ^ ^ ^ /S- ^0 ^ iil it ^ 

# -ll: 1 ^ r«l ^ .t^ <t ^ - ^ # ^ ^ ^ ' 

^ t # - e. -t- i$ -f* # il: il ^ ' ^ ^'J -J^ ^ ^ 't' 0 o 
& ^ =MI A, 4 ft ^t, .1, 6 0 4^ -1^: ^ ^ ^ 4^ « '1 ^ 

it it : ^ J:- 1^ ^t -f- -i- ^ '^^ ^ ^ ^ ^ ^ ^ 

Ji. ^ 41 ft -f-' 6^ - ^1- ^ it i?^ 6^ ^ it ^ , >ffj % fdF # ^ 0 ^ il: 1^ 

;ft Jii^ ^ ^ >t , ^ ;t it 6Mt ^ >L . ^ -t ii 4 i85 ft 
^ # — Ji ft ft 111 ^ 6^ ^ 4^ it # . J:, i^ =ta -f ^ & 4# 

.f^f^Jiii4^«ltft^; 

^ )J/r ^ -fit 6 0 ^ ft -f ^ -t ii e> ^ ^ ^0 ii 4 ^ f t -f- f * 

J5^>o6^J:.ii^ill.«^/^t; 

^ Jl ii. 4* ^ ^-»r # 6§ J:- -f^ it I ^ ^ ft 1. >L ; 

^/T ^ h ft 60 Ji i^ ^ >t ; 



-^P 4^ ^ .If 'fr <t ^ 4 ii^ ^ ' ^ 

1^ ^ it .t' ® ^ ^ -t- 1^ ^ ^ ^ ^ ^ ^ ^ ^ 

^ikM.^i'^^^^ <t - # It ; v>i ai 

^ ^ _ ^ J, i^. ^ 1^ il ;^ J. ^ . J ^ 6 it .t- 0 „ 
5 . - ^+ ^ -t- ^ -f ^ 6 1 1 ^ ia ft 4^ ►l^: . 4^ >«'l 2^ 

it : Jl ii^^ 4^ f t J: i€ ft 4 ft 6 1 ft . >L -f* J?^ 

4^ ^ -I- -ft # it iM. «^ ^ ' J^-^ ^ * ''''^ ^ ^ ^ 

J:, f t .1, >t , ^ ^ '^^ ^ ^ ft .1' >t , # - -t 4 f t -f 

# — _L ft .Is ft -f nj ^ ;^ # , -t- ii 'to -f *1 ^ ^ : 
^ ^ 'ft Ji .It ft 60 4^ "It -ft -f -f^ -f* 1^ ; 
^ ^ ;t ^ ^ ^ 6 0 -t- 4 ^ f t -f- 60 4 ^ ft -f- >^ ^ ^ 

•4 tl^ ^ * 4 ft 4 4. 5!t J: ^/r -i^ >f^t 6 0 Ji- i£ ^ 6 0 -t. 

4 ^ ft -f -f* f^ it It I 

1*1 4# ^ 5. , ifl -t * -i i^ -f^ iH It ^ # ^ ^ J^^r f * # 60 / ^ 



# ^ 5: » a ^ *j ji 4^ ^ # J:- it ^ ' ^ H« 
ib ^ jLii ti^ -f ^n4^60 ft 4 5^ 4 ^ , 

^ t -t. ^ it '^V 4t ^ X iJ[ -f _L /i^ 7C t5 0 ^ 

ffi i=- 1^ >^ it .t- 0 ^ ^ ^ ^ 1^ »^ ^ ^ ^ ^ ^ ^ 

il ^ r«i ^ ^ ^ - ^"^^ ^-J ^ ^ » 

^ t ^"^-t-^ '^^-^ ^ ^ ^ ^ ^ ^'^ ^ ^ ® - 
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^ >^ -T- 'fl: >8i ^'J ^ >i 'ta ^ 0 It ^ f# o ^ t a in 
^ J^^^ 1^1 ^0 ^ >ir^ .?n ^ J^^k m f50 'fU -f >«'l >^ , it 

^ Ji;^^ p if i^T ^ i50 #'fck „ f ^ . 'ta -f- m 7r}k^>%A 'J^ 

60 ^ ;t # ^ 6^ -i^ >5i^ # 60 4^ '15: it ?t > 60 4^ o ,t^, . '.^^ ^J^ it -f* 
#^•11 m i^m^ii 6 0 It- il^ J/ It v>c 11^ it. -f - 4^ -^'I <i'}:^MA^i^ 

ih^^^'f^km'^^y\^^^'J'ii^J^''^'^^i^^ 60 f# it 

.3^ ^ -ff 'ta 5^ >Ri 60 — >i: „ -fi?'] -io , ^ Sc«c/// Sampei 60 "Fading 
Compensation for IGQAAi in Land Communication'\The Transac- 
tions of the Institute of Electronics , Information and Communica- 
tion Engineers of Japan B— II .Vol. J72 — B- I! pp. 7 Jan- 
uary 1989. ^ ^ if ^!trA, S. Sampei ^ 60 "Ray lei gh Fading 
Compensation for QAM in Land Mobile Radio Communication" , 
IEEE Transactions on Vehicular Technology . VOL. 42. No. 2, 
MAY 1993. t>^^60„ 

m 1 ■iT^^m'fit^'^i^^^^^tm<iUt^^^A. 



BPF2 1 iX^iiLAGCS AFC 4 ^K; 

6^ ;t 'fP it jc >S'I 5 ^0 -f iE- ^ >«i . -i^ # 1^ ^ /^'r 

LPF 7 ^1 -f- 7 ^^^P^^^^^ ^1 ' ^5 ili. «0 -f - 4t , /*) 

4^ ^ h -ft 1^ 9 ^ ^ - it - It ^-^ >L it it ;?] -.1^ ^ »5 0 ^^ ^ >^ # 

^ it It , ^ a JfJ f* # ^ 0 -f^ it >2/ 1^: ^ h it ft <• ^ h it <J 0 

it iSiX^'^niV it i'i ^ ii ^ i^t in is. m o it ^-^J ;^ 6^; iii 

, - ^S: -ft ^ "^^H- 4 ^ it 60 - p/r 1*1 4^ . i« ^ ^ it ^ 

^ ^^r ^ 4it 60 it a -t^ ^ at , it i± J t 4 # ft -'t 6-; >t ^ 
i± i± ^ — PA- iS. 3) /*) ^ it ii- 60 f ^- it ^; It ^ 



^ Ji ^ 6^; .1; t . ^ # a 60 f t it J, It <jO >)t ^ ;t '[£ 

^ ti^ -ft 6 0 4^ >^ H t , it # 6 -J 1'^ '7 ^ ' 

>t ^ ^ ^0 ^ it It o ^i^ig^ik. <50 >;iL ^ ic. # Ht » 4^ 1 

^ffjo-j^^it^^^j r'Jh >L It 0 , ^ JL ii # f f ^4-^ ?t . ^ — ^ iSj ' ^ 

-t ^ , a 60 ^ -f M 60 mAf^ %\ n \*< i< 

# -ft >f5. 60 ^t it .^V It 60 i4 ^ 'f'L „ 

. i"^J$LjS.«^6O-^|-0 60 >i<L-f4^#-#;fl-f-|t^itf^4^^I^ 4^160 
^ ^ 'fl^ *1 ^ » ^ >irit 3i rib /t ^tlL^T^ 

60#'rio 

#r m m ^^'Vkl^^ K 60 ^mt"^ m .t-it^ 6o 4^ tit 

i^K.i^^4kAtit'f 60 - # ii ifl- 60 -f^ ii It ^ )5;r -ff- 60 ft it 
It =f Jc iE- ft 1' >t . # ^'i ;t ^a!c JE. 60 ft Jf-^ A. . 4- - ^ -^l it^Mi -^ 
- ft ft-f- v:^ IS ;t 60 ;5] ^ 5c # . i^'N -f 4^*1 mitLM> : 
m ft^ 60 60^tlt it^^i^t^; 

)n^j^±.e.^mA.<i<j^n ft ^^^j^mt^y ,4. f.. x ; 

-ft it .^v It ^ # -^R f 4^ ^ t f t f rit 1 60 -^f -^^ 



, -ffl -f it it^ ^ i±j J*| 4^ ^ £ ;^/r # i50 -f^^t ^ it , ^l^-ft 

-f^ >il 4^ -f^ 1^ t 0 it , ^-^ >t ; 

^ ^-J-^ ^±J ^l^-ft ^ ^I^it ^^J it .1' '-^ X. ^'J ;^ -^t ^ ; v>C 

i^^mt^^ n u-.m^Ai^ m zit^6 (} Ak p\ ;t '^t tb ^ i9 

^ -ft -f -i^ ft >L it ^ i:J*r ^ -ft -f , 

K..B-n\i^^mt^ :f <' ^ ^ •! t ft ^ ^ t -f i^} ^Mit^^^j it .t^ 

-i^ # it ^ t Jl- '^t i£ i!l 4-^ : 

^ -f 'f* # ^ i) ^- it -f ^ ^; ^ /I- 1^ <i II ; vv. 21 

^ >^ it .t- 0 -f '1^ ^ ^ S ti^ 'i: ^ 0 f ^ it 1 1 6 0 -i^ J. ^ 
r«l ^ # ^ - ^ t ^5 0 'ki Jl , 

^ t # — ^ t'^ # -i^ ^ ^^55!. ^ ' I ' 0 it a -f - , 

^-^irfii .^iit7 -^t;fl it^iAitmUfi^b^'f 

#r '«'J , iH'l ^ ; i-c ^^t -f ^ A. ^0 4 ^\ it it it ^jO 

4^ ^t -f ii 'ffi ^1^ i ^ it i± : 4 ft ''t ^ ft . iL- it -f 60 ^ 
^t M,m7L^^\k 'It ft ^ 60 - ^ 4^ it i'?* 60 it uT:/ It . -'fl J'^i- i* # 60 f ^ 

it ^ ^ic it fihA.,^ P\ :^ititSL «0 it ^4 s # - 4 ^ it 

M-^r-it-^it^ vy. m 60 4q # , -i^ -f « -f j^t Ci. 4-^ : 

^1*4^ ►lit ft -5"; 



5tt ^ ^/j ^ -ff it J, lie 1^ 4^ . /A 1 'f it y)^J 

^i^n:^^^<i'}>t^ n ^ ^ mfin ^^^h^^^n it m^^^j it 

.^if^ii^i^^mt^.vy.^ 

%i -fHB.^ i^'j # -54 >t <i 0 ^ ft . i< >L , /« i'^j -if ^ ft 4* 
-f- 1 HJ^^i^-J 4 ^ ft ^ <}0 ft .If , -i^^-^f- it ^^^-J -f^it »^ 

Ml^it^m.itU:A^ 60 -i^ -f >«'i ^ >ic i£ ^ -<^r T ^'J ^ : 

^ # ^ ij ft -f 6 0 ^ /I- ^ ; 

1^ ^ it .t' 0 -T- -^7 -ii^^ ^ ^5^r f<.il^^k ^0 f^- it It <^'} f* # -i^. 1 ^ 

60 ^ ft ^ — ^-^^t ; v>i 21 

# - 4- -f* # -i^. J. ;4 ^ 3^ ' 6 0 ii . t- 0 o 

^ 60 ^ -H. 75- Oq , 4^ # T - t & -i^ >f 9 'f^ 1 6 0 It ^ ii ft 

j^r^^fL,ik^m^H^t.^^e^^^% K ^fj^mit^ " ft . f t 60 4^ H fc 

ft -f -fr ^ ^ >H1 4. iia i± : 4 ^ ft -f ft ^ 1^ 4^ 

ft -I- 60 - f^ # iii M 60 it J/ It , ;?! f* -Jf^ 60 it ^/ It it s£. \k it 

X. , ^ Jft 'fe 'fi 6 0 ft 4 -S^ >t , ^ - f t -f # f t ft -f 

^] -f- #fi^4^'lt ft 60 60 4^»lt ft -f- 1^ ; 

;f] ^ 4. # 6 0 ft -f 6 0 4 ^ ft ^ i II ; 



I*) 4# , /A ^ >ff ;?] -t ft 1^ ^-^ tL 6 0 -f^ ill It ; 

P\:^^X.Jn'T -M ;t ^ i- h m X 4 h it 60 it .t^ ^s^tL^va^' 

4 il^ -ft -f- ^ 60 -ft >t -ft 7^ 4 ^ ft -f . 

^ t ^ it .2; It fx!f -1^ ^ ^ i5 f^:; 4^ >L 6 0 ^1- ft ,1^ 

, ^ ;?] f^«; 4 1?^ ft -f :f ^ 4^ ►It ft -f 'fi* 1 >^ ^- /^j 4 -t^ it ^ 

>ff -f , -f* # -f^ # it i?^ <5 {; f# it It o 

i^-f^it ^lt>f*-f- -^t X i£ : 

^ -f ^ # 4 ti^ ft f <s 0 ^ ,^ 60 ^ ^ ; vy. 21 

^ -f ^ ii '-f ^ ^ ^ 60 f^ it ^/ It 6 0 f * # -i^ J. ^ 

r«i ^ # ^ -^-#-it 60 iit z , 

^ t — ^^ci' f## -i^ >t ^ 60 ii .1- 0 -f o 

a 1 ^f^^;?i-f 1*14^ ^fa-f'f^-^'l 60 ft -!?-^^^60^r^®; 

® 2 >|.;^7Trvy^604^'lt^/Li^'j;^>>!m60Se£60^&gl; 

m s ^^n^^r<u-$^^m^b^^itm^<><j^S'-'^^ f?'i 6 o ® ; 

g| 4 ^ ^ ;f I -f ^ "/i 60 ^n-f^ 60 ft ^ A 60 7r: ® ; 

® 5 60 f/'J -T- tb jg. fJ^] «iO -^^ >i| 1^. ^-^ 



■ jj?. # # m mm-iK^'^n^^^Ho 
itit i^PF 7 Ml A/D if^^B^ 8 3 ^-fikmm^^j m ^ 

22 ^4^«ltft-f i^'fi^f^ 23„ m^"^^^ 22 -^^ t ^ ^i-^4>Li5^j Ht ft 

^ ^/r 60 ^ -f ;^ -J «5 0 . 

4^»lt ft-f ^-filf ISs^ 23 A ^ ^ -f -f i^fj 4 -5- 1 <iO *-^7t 

^^j^^ii^^i^. 41: «lt it^^ n 2 3 a ft -7 aj 1*^ =ffl 

M 60 # ^ ft -f- , # 4cL 4 ft -i- ^ it J; ^ -f* # 2 4 „ 

iti±4t^ft-f y*:tl§^ 25 tj!ri4,60e.^^IiC60^.'1t4l^ft-f ^.^^ 
'|^>jl4^'lt ft-f t 60-.1'-t^ ft-f ^r«l 60ie# , ^Vtt^^ Hi 24 f*-l|l 

# it i?^ 60 f# ^t.r^-^^ki^ »it ^mt^H-kk # f ^ ^ >(1 ^' lit 

^ Jl ^ # f# # it 60 f ^ it ; It „ "/1 60 # . ^ - ^ -f - f ^ it It 



Ji^,^fi.^mit^^(*n^^}-^-it,t^i^7L -f* # - # 1 1 / It o -t ^ 

ft ,1^ i4 >t tt i^, P\ ;t 2 9 . 2 9 -f^ ,1. ^-^ >t <'i 0 it 

H^^^tm y^f^^%^^^. ^> 60 ^-'J.t 4^iJf fi. n m 1^ 
27 to ^ # ^'J SI 4 ^/TTT^^O — >i-Ja!,>tJfe D.^'f^n'Jt^^^ 

m^it^i^n- 27 A-n^^^mit^ pi ^i54^<jo L,*^7tfiL^^oft,ir 

-54 X. ^ A, , ^ li? 4 it -f- ^l^ 4^ 60 L, >L *JL 60 it i^TL^ 

•f ^P^60 L, f^^fuM Tt^vVC^iij-^ 4i^ft-^ Pii^i 

^154^60 L, ^^TL^iL^^-^rtOft.^^^^x.^ £f*o ^3r->r"it7f^{;tlt a 60^4>t-^iL 

^ # ^ It 60 * ^ M A, <i^j^^itf ( I'V. T # ^ -^^ ^ ft ) /A ^-'J 
27 tti5.»iO. ^T^,^ilL^vlifTb#l^ 24 -f^-rf-^ ft.^»*4 
A* 4 Bu t60^^-#^>L^lI^60f^it.avlt,iA5^^^>'J;^fiL/T-1i^fBi 

27 t^i£.60Yi5r-^^ft-ir^'ft^^^t^ft-^, -f^it^vlt^O-f^^pl^jSvll 

<.x^^^i^ft-f-6o^A.60v>cTi±'fiti^H-60<. irit,fR;i:f^;^^ft 

^^b^^fSiTL^ li(it) (n = 1,2 L,);t^.'l5r')tft-^60'ti-^^^4 



0<in)Z*(n) = 0(n) CD 
0 ( It ) ^ 4 ^ >t r/ ( « ) ^ 4^ >Ii -f- r ( /I ) ^ I «■] ^ ^ o is ^ ^ vy. 

<Z)(/f) = AOX/i — 1) -h «(«)rr(ii) (2) 
0(/i) = ACP(//-]) Z'(rt-l) + uCn^r'in) (3) 
^ t A it ,t- 0 -f - » -i^ 0 ^ # ^ -1" X. vy ^ § It ^ ^ 1 6 0 ;{5l 
S . il.%mfA'^it}fk'y vy fl T 6 0 ^ <J ^ ^ 0 — .t; 1^: o 
dio , ;f5i 0 -t ^^L -e: r Ui- 13 ;»t ^ i£ '^4- 'if. ' 1 ^ ^0 

ij^>t^vy 0), ^; j^^i-ff-'^-^x.^vy ^ij >5-^ijI(i)-(3),# 

Z»(7i) = {A(P(// — 1) Z*(rt-1) + Or) } / M<r)(/i-l) 

+ «(/!)«•(«)} (4) 

^ 'fd? ^ 60 # ii: It . S !iK ^5. ^2- # ^ 

^mh^i^^it ^} ^-^^A^ ^« 60 . ^ ^ 60 , 

:?f^v^<TiCi^t''^-?f: Si7«o« Haykin , " Adaptive Filter Theory" , 
Prentice Hall , p/^. 381 — 385 , :^ flTii Sa/zi/^e/ ^ 60 x. , 

4^ ^ 60 # -fi ^5- -T- , fj^ :i It a 60 ^^mt ^ ^1 • 'i^- 60 '-^ >L if) 

^t#-^60'f^it.ii^»ltiti5.^^r^4^lf^ 26. F'M^E 26i!0.i±it-^rf,Jl^ 



^ ,^i^7L^ Dl t <iO ^ >c 'ta ^ m 

^ f - ^ ^.fl # ^ HI- 7 it 60 $ -ft , 1? ^ ^ J£ ^ <3- 

m o 

iL , ^ ^ 4^ J!^ 60 ^ -^'1 ^ >^ <t It ^ -f 60 ft 

o ,?n JL , *t JF2 i± ii. )'>r tl.1 J£ 60 -f iJi ^ it i± 't-^ it ^^l^ it ^; It 60 
# # ^ 1^ 4^ , v>< ^ ^ 6 0 ^ h -ft ^'J X :iL ' h „ 

la 5 ^ - #j la . ^ if] ^-ii^ 4^ ^ h;=i 60 ^« -f ^ m ^ ^ 6o -^ 

^^l^'fi^^,-^i^^v^'fi60^^Ht60i^J!-^4ii^f 7 tb^^x, 
^ — ft ^ 6 0 >L it , i-ji ;^ ^ 4" i 'J i^. o 'ft 'fA T , *1 
E^/No ( ^ tt. # 'At * ^ ^ -it ) ^ 6 </B , ^- ^1 # it t vS: 
g],f;^,^^(t^604iAji)^^t-T--i^.^-^4=-;t^i''i^'Jo 

^^-f^m 60 , ^^'f^-iJI ^/l ^ -^1^ ^> it 1- *-^>t <t ^ 
4 ft -f 60 ;*! 'fg -f 'f^ >>11 60 ^ o -ffr<t f^ ^ ft 60 ft , I; >^ 

It a^L,=io, 

/A a # ^ 0 6 0 , ii ;f ) f?^ ^ f t f t # ft -f 6 0 7t It ;^ 

J. / J > v^:< ^0 ^ J: 6 0 It 0 6 0 - ^ o ^« ^ f^ 4^ 5t 4^- 5^ , ^ # ft 

-f 60 *^i>tlt 5^ 1/2 "t, 4tHl|ft-f 1/2 60l»i]f.f)4^A. -f^.^V^t 



-f ^ il. i± ;ii -f i ^ /*) 4^ >^ ' ) ^ 1 1 0 >L <j (j^mit^,^:^ 

^^^^ 2 

^^^^ r(#-)6^i^^)'- #?t^--T-iij— >?^>L-^;l';a— 'ft<jOlt,^t^ili;A, 
dia/A® 7 ^>tI.»^'J^'ft'f#-^-i^iL60ii.t'ig-f-ril t //.T- <iO ^ -ft ^ 

(1) iu.i:ii.t-a-f-60^>^o 

— * ^ ^ -hn ^ ^ -f^ ^ — © -i: ^ i it 't' a ^ la 

^t^;|^'^^^jTJt^O 0. 85 iihit^f^i-k.^^)aM'\f\^nr-K-) 0. 91 6om 

(.2^it^$^i^nx ii /a ^ 6 ^ >i: o 
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